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1 Introduction
A work item for carrier aggregation enhancements for LTE Release 11 has been approved and updated in RAN #51 and #52 respectively [1][2]. At RAN1 meeting #66bis, a working assumption was agreed to introduce at least one new carrier type in Rel-11 associated with a backward compatible carrier and with at least reduced or eliminated legacy control signaling and/or CRS. 

Some needs and enhancements that may be addressed through additional carrier types were discussed in [3]. Specifically, energy efficiency, flexible spectrum usage, heterogeneous network deployments and machine type communications were identified as key goals. 
Potential directions for additional carrier types that could assist in addressing these goals were discussed in [4]. These principles centered on CRS-free operation, enhanced control signaling with self-contained reference signals and configurability of synchronization and other RS when needed. In this paper, these principles are discussed further and some high level design possibilities for new carrier types that incorporate these principles are presented. First, the next section discusses some operating scenarios that need to be considered.
2 Operating Scenarios

For an additional carrier operating in carrier aggregated mode with a legacy carrier, the following scenarios may exist.

· Scenario 1: Intra-band CA, synchronized carriers: The legacy and additional carriers are synchronized with a high degree of accuracy.

· Scenario 2: Inter-band CA, synchronized carriers: The legacy and additional carriers are synchronized with a high degree of accuracy but are transmitted in different bands with potentially different propagation characteristics.

· Scenario 3: Intra-band CA, unsynchronized carriers: The legacy and additional carriers are not synchronized with a high degree of accuracy and are transmitted in the same bands.
· Scenario 4: Inter-band CA, unsynchronized carriers: The legacy and additional carriers are not synchronized with a high degree of accuracy and are transmitted in different bands.

In scenario 1, we assume that mobility and synchronization measurements may all be carried out on the legacy carrier. In scenario 2, mobility measurements may have to be performed on the additional carrier since the additional carrier may have different range from the primary legacy carrier. In scenario 3, synchronization measurements must be performed on the additional carrier although mobility measurements may be performed on the primary carrier. In scenario 4, all measurements must be performed on both the legacy and additional carriers.
3 Design principles
The design principles discussed in [4] are briefly summarized in this section.

1) CRS-free operation: Motivations for removing the CRS include removal of the interference problem associated with the CRS pollution, overhead reduction, the inherent limitations of the CRS-based MIMO modes and the inefficient energy efficiency since they need to be “always on” even when the cell is empty. These aspects was discussed in [4]. However, CRS serve multiple important functions as channel estimation, mobility measurements and time/frequency tracking. If CRS is removed from additional carrier types, alternative methods to perform these functions need to be specified.

2) Data transmission and enhanced control signalling based on self-contained RS: Operation of the additional carrier without CRS implies that all channel estimation functions for demodulation of both data and control should be done based on other RS. Transmission modes based on the DM-RS for data transmission were identified as being central to the operation of a CRS-free carrier. The use of the enhanced control channel with UE specific RS which was agreed previous meeting, is thus suitable for operation on the new carrier type.
3) Configurability of all essential signalling such as PSS/SSS: Transmission of synchronization signals should be avoided where possible such as in Scenario 1 of Section 2 and should therefore be configurable to allow interference management.
4 Additional carrier design
4.1 Synchronization and reference signals
We proposed that CRS transmission is not supported and we discuss here what synchronization and reference signals should be present on the additional carrier. 

Since additional carriers should clearly support channel dependent transmission modes, there is a necessity to transmit some reference signals for CSI feedback. For DM-RS based transmission in Rel-10, the CSI-RS enable such feedback. It is therefore necessary to have such signals also on the additional carrier. As discussed earlier, for energy efficiency and interference management reasons, the configurability of any signals being transmitted on the additional carrier is an important feature. The CSI-RS, as defined in Rel-10, is configurable with a periodicity ranging from once every 5 ms to once every 160 ms. In addition, these signals can also be transmitted with zero power. Hence, we suggest that the CSI-RS signals as defined in Rel-10 also apply to the additional carrier type in Rel-11.
Considering Scenario 1 in section 2, where the primary and secondary carriers are coming from the same site and are synchronized, it may be possible to omit the transmission of the PSS/SSS and PBCH information completely from the secondary carriers as shown in Figure 1. However, CSI-RS signals would need to be present on the additional carrier as well in order to provide feedback to facilitate transmission based on UE-specific RS.
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Figure 1: Additional carrier types without synchronization signals when the primary and secondary carriers are co-sited and synchronized. 

For the other three Scenarios, at least some of the other reference signals are needed. In Scenario 2 and 4, where the carriers are synchronized accurately, but operate in different bands, signals that enable the functionality provided by the PSS/SSS signals may be needed in order to identify the carrier during mobility measurements which have to be made separately on the additional carrier due to its propagation characteristics being different from the primary carrier. The use of PSS/SSS for cell identification as defined for legacy carriers is a critical part of the functioning of the system. Since additional carriers will be part of a network with many legacy carriers, the best option would be to use the PSS/SSS as already defined in Rel-10 on the additional carrier type. However, it would be beneficial to improve the configurability of these signals and reducing the periodicity of these signals should be further studied. Allowing them to not be transmitted at all is also useful, especially in Scenario 1 as detailed in Section 2.
In Scenario 3 of Section 2, mobility measurements may be performed on the primary carrier although a mechanism to perform time and frequency synchronization on the additional carrier type is needed. On the legacy carrier the PSS/SSS are used for timing and initial frequency estimates while the CRS are used for fine frequency and timing estimation to maintain synchronization with the carrier. The PSS/SSS can still be used on the additional carrier as on legacy carriers although some signals that replace the functionality provided by the CRS in this regard are required. One option is to use the CSI-RS signals for this purpose since these signals anyway need to be present in order to provide feedback as mentioned earlier. Two examples of a CSI-RS based signal that could be used are shown in Figure 2. In the first sequence, one CSI-RS signal is paired with the PSS/SSS and both of them are used for synchronization.
In the second pattern shown in the figure, two CSI-RS sequences are provided different slots. It is known to the UE that these signals are present for synchronization purposes. Hence, the UE does not provide any CSI feedback based on these sequences unless explicitly directed to by the eNB.
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Figure 2: Use of CSI-RS for synchronization

The synchronization performance of these signals as well as the PSS/SSS and CRS is investigated in [5] where it is shown that some combination of the PSS/SSS and/or the CSI-RS signals as shown in Figure 2 could compensate for the lack of CRS on the additional carrier.

4.2 Transmission of control information

It is important for control signalling to be sent using spectrally efficient modes with adequate coverage on the additional carrier, especially for scenarios 2-4 listed in Section 2. Therefore an working assumption was agreed previous meeting on the enhanced control channels and for use on the additional carrier type.
As discussed in [4], when control information is transmitted on the additional carrier, the necessary downlink channel information to perform UE specific precoding may not always be available or may not be reliable for robust control channel transmission. Therefore, it is important to consider channel independent transmission (i.e. non-precoded) based on UE-specific RS. Such operation would also allow transmission of some common control information to multiple UEs (i.e. full cell coverage) in a robust manner while at the same time eliminating the transmission of reference signals when no information is being transmitted. 
Additionally, in many scenarios it may be useful to be able to address multiple UEs simultaneously. For such cases, DM-RS based transmissions can be directed at multiple UEs with a channel independent transmission scheme. Common search spaces could be defined as in the case of the PDCCH, where such channel independent transmission schemes are used by default. This functionality may be useful for increasing control channel flexibility and efficiency on the additional carrier and may also be useful in some specific applications. For example, emergency warning services on additional carrier types could benefit from such functionality because of tight timing and reliability requirements. It is beneficial to have such services on additional carriers in order to be able to reach a large set of users in the most robust manner possible. 
Enhanced control signaling is already being discussed in other work items [6]. It is important that these designs incorporate the possibility of operating on an additional carrier type as well.
5 Proposal
Based on the above discussion we propose the following:

1) CRS transmission is not supported on the additional carrier type. RAN1 should study the use of alternate mechanisms for mobility measurements and synchronization based on PSS/SSS and CSI-RS.
2) Have a unified design of enhanced control signaling based on DM-RS type self-contained reference signals that can deliver UE-specific as well as common control information so that such signaling can support both legacy and additional carrier types.
3) Study methods for limiting the transmission of signals used for synchronization to increase their configurability on additional carrier types.
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